medications, which effectively eliminated coronary arterial neointimal hyperplasia and thus, in-stent restenosis, mitigating the risks of TVR/TLR events. [2, 3] However, safety concerns arose because of late-and very-late stent thrombosis associated with G1-DES, [4, 5] prompting the development of second-generation DESs (G2-DESs). Based on a novel platform design, more biocompatible polymers, and/or lipophilic antiproliferative medications, G2-DESs were demonstrated to have favorable efficacy and safety in patients undergoing PCI. [6, 7] However, G1-DESs are still used in certain countries because of various issues including economics. Controversy remains regarding the performance of G1-DES versus G2-DES. [8] [9] [10] Based on our previous report, G1-DES had similar efficacy and safety profiles to those of G2-DES in patients with stable coronary artery disease. [11] This impelled us to consider whether G2-DESs outperform G1-DESs in patients with acute coronary syndrome (ACS), a disorder with higher risks of adverse events after PCI. [12] Therefore, we aimed to identify the efficacy and safety of G1-DES and G2-DES in patients with ACS in a high-volume PCI center.
Methods

Ethical approval
This study met the guidelines of the Helsinki Declaration of 1975, as revised in 2000, and was approved by the ethics committee of our institution (No. 2013-449) . Each patient provided written informed consent before PCI.
Study population
This was a prospective observational study. In 2013, 10,724 consecutive patients underwent PCI or percutaneous transluminal coronary angioplasty in our hospital. Among these patients, 6431 were diagnosed with ACS, including 4511 patients with unstable angina, 1445 patients with ST-segment elevation myocardial infarction (STEMI), and 475 patients with non-STEMI (NSTEMI). The exclusion criteria were: (1) patients undergoing percutaneous transluminal coronary angioplasty without stent implantation, (2) patients receiving neither G1-DES nor G2-DES, and (3) patients receiving multiple types of stents concurrently. In our center, G1-DES included sirolimus-eluting stents (Cypher, Cordis Corp., Milpitas, CA, USA; Firebird, MicroPort Medical, Shanghai, China; Partner, Lepu Medical Technology Co., Beijing, China) and paclitaxel-eluting stents (Taxus Express2 and Taxus Liberté, Boston Scientific Corporation, Natick, MA, USA), while G2-DES included everolimus-eluting stents (Promus Element, Boston Scientific; Xience V and Xience Prime, Abbott Vascular, Santa Clara, CA, USA), sirolimus-eluting stents (Firebird2, MicroPort Medical), and zotarolimus-eluting stents (Endeavor and Endeavor Resolute, Medtronic, Minneapolis, MN, USA). A final total of 4037 patients were enrolled in this study, including 2865 patients with unstable angina, 875 patients with STEMI, and 297 patients with NSTEMI. Among these, 364 patients underwent G1-DES implantation and 3673 patients underwent G2-DES implantation. In patients receiving staged PCI, data were combined from all phases of the procedure.
Procedure and medications
Selective or emergency PCI was performed in all enrolled patients. Before the procedure, patients received aspirin 100 mg/d and clopidogrel 75 mg/d for at least four continuous days. Otherwise, a loading dose of 300 mg aspirin and 300-600 mg clopidogrel were given before PCI. During the procedure, unfractionated heparin (100 U/kg body weight) was administered via the arterial sheath, and an additional 1000 U heparin was given when the procedure lasted for more than 1 h. The use of glycoprotein IIb/IIIa inhibitors was based on the operator's judgment, and the decision to implant a G1-DES or G2-DES was based on the agreement between patients and cardiologists, depending on patients' clinical conditions and economic factors including price and local insurance compensation. After PCI, patients were prescribed aspirin 100 mg/d indefinitely and clopidogrel 75 mg/d for at least 1 year.
Follow-up and endpoints
All patients were followed up at 30 days, 6 months, and then annually after PCI. Of the enrolled 4037 patients, 3955 (98.0%) completed the 2-year follow-up. In-hospital data were collected by reviewing patients' medical records, and follow-up data were collected through medical records, telephone calls, or clinical visits. An independent group of follow-up investigators oversaw data collection, and data accuracy was audited by professional cardiologists. Although not mandatory, patients were advised to return for coronary angiography if an ischemic episode occurred. Efficacy endpoints included major adverse cardiac events (MACEs) and related components, and the safety endpoint was stent thrombosis. MACE was the composite of target vessel-related myocardial infarction (TV-MI), TVR, TLR, and cardiac death. TV-MI was defined as newly occurring MI confirmed by coronary angiography and revealing the target vessel as the culprit lesion, or by electrocardiogram indicating new abnormal ST-T changes and/or left bundle branch block related to the target vessel. TVR was defined as revascularization for a new lesion on the target vessel either by PCI or by coronary artery bypass grafting (CABG), while TLR was defined as revascularization for a new lesion at or within 5 mm of the previously implanted stent either by PCI or by CABG. Cardiac death was defined as death resulting from MI, heart failure, or fatal arrhythmia, and death not attributable to noncardiac reasons. In our study, stent thrombosis included definite, probable, and possible stent thrombosis based on the Academic Research Consortium criteria. [13] 
Statistical analysis
To minimize the differences in sample size and baseline characteristics between the G1-DES and G2-DES groups, we used propensity score matching (PSM) with the nearest-neighbor algorithm and 1:2 matching to avoid excessive reduction in sample size. The adjusted variables included age, gender, staged PCI, and B 2 /C type lesion. Continuous variables were presented as median (25 th and 75 th percentile) because they were nonnormally distributed by Kolmogorov-Smirnov testing (all: P < 0.05). These data were compared using the Mann-Whitney U-test. Categorical variables were expressed as frequency (percentage) and were compared using Pearson's Chi-square or Fisher's exact test. We constructed cumulative survival curves for endpoint events using the Kaplan-Meier method and compared them using the log-rank test. We used a Cox proportional regression model to assess the independent predictors of endpoint events. Variables with P < 0.10 in univariate analysis were included in the multivariate Cox regression analysis based on the backward stepwise method. All P values were two sided, and P < 0.05 was considered statistically significant. PSM was performed using the 
Results
We enrolled 4037 patients diagnosed with ACS and receiving G1-DES or G2-DES implantation, with 364 of the patients receiving G1-DES and 3673 patients receiving G2-DES implants [ Table 1 and Table 2 ]. We implanted a total of 6697 coronary stents at 5342 lesion sites. There were obvious differences between the two groups concerning staged PCI, incidence of diabetes mellitus, number of target vessels and lesions, left circumflex artery involvement, number of bifurcation lesions, stent overlapping, stent number and average diameter, and the use of glycoprotein IIb/IIIa inhibitors and low-molecular weight heparin or fondaparinux. Therefore, we used a 1:2 PSM to minimize the imbalances between the two groups and described the adjusted covariates in the statistics section of the methods. All baseline data, and the majority of angiographic and procedural data, were well matched after PSM, except that the number of stents was higher and the average stent diameter was lower in the G2-DES group.
At the 2-year follow-up, the occurrences of MACE and its individual components, as well as stent thrombosis, were similar between the G1-DES and G2-DES groups before PSM (respectively: MACE, 5.2% vs. 4.5%, χ 2 = 0.371, P = 0.542; TV-MI, 0.8% vs. 0.7%, P = 0.261; TVR, 4.9% vs. 3.6%, χ 2 = 1.537, P = 0.215; TLR, χ 2 = 2.697, 3.8% vs. 2.4%, P = 0.101; cardiac death, 0.3% vs. 0.8%, P = 0.521; and stent thrombosis, 0.5% vs. 1.0%, P = 0.575; Table 3 ). The efficacy and safety endpoints were also not significantly different between G1-DES and G2-DES groups after PSM (respectively: MACE, 5.2% vs. 4.3%, χ 2 = 0.514, P = 0.474; TV-MI, 0.8% vs. 0.4%, P = 0.407; TVR, 4.9% vs. 3.7%, χ 2 = 0.939, P = 0.333; TLR, 3.8% vs. 2.5%, χ 2 = 1.610, P = 0.205; cardiac death, 0.3% vs. 0.5%, P = 0.670; and stent thrombosis, 0.5% vs. 0.4%, P > 0.999).
Other prognostic events also occurred at similar rates between the two groups, including MI, revascularization, stroke (both ischemic and hemorrhagic), and all-cause death (all P > 0.05).
Based on Kaplan-Meier analysis, the event-free survival rates for both efficacy and safety endpoints were not statistically different between the G1-DES and G2-DES groups after PSM (MACE, P = 0.455; TV-MI, P = 0.386; TVR, P = 0.304; TLR, P = 0.189; cardiac death, P = 0.530; and stent thrombosis, P = 0.748; Figure 1 ). Multivariate Cox proportional hazard regression analysis demonstrated that the stent type was not an independent predictive factor for all endpoint events regardless of PSM (all P > 0.05; Figure 2 ).
dIscussIon
This prospective observational study from a high-volume PCI center revealed the following: (1) the incidences of efficacy and safety endpoint events were similar between G1-DES and G2-DES, including MACE, TV-MI, TVR, TLR, cardiac death, and stent thrombosis, and (2) the stent type was not predictive of these prognostic events.
Compared with G1-DESs, G2-DESs are characterized by novel stent platforms, more lipophilic sirolimus analogues, and/or more biocompatible polymers. These advantages enabled a tremendous decrease in adverse events after PCI including reduced stent thrombosis and restenosis. [14, 15] However, evidence supports similar outcomes between G1-DES and G2-DES. In the SORT OUT IV Trial, a large-scale prospective randomized study comparing the performance of a first-generation sirolimus-eluting stent (Cypher Select Plus, Cordis) and second-generation everolimus-eluting stents (Promus, Boston Scientific and Xience V, Abbott Vascular), incidences and risks of TV-MI, TVR, TLR, and cardiac death were similar between the two groups at the 3-year follow-up. [16] The SORT OUT IV trial also found that definite, probable, or possible stent thrombosis was not significantly different between the two groups at 3 years, despite the finding that patients were predisposed to definite-and very late-stent thrombosis following G1-DES implantation. Our previous study also found that G1-DES had similar efficacy and safety profiles to G2-DES in patients with stable coronary artery disease. [11] Despite these findings, controversy remains regarding whether G2-DESs outperform G1-DES in patients with ACS, and evidence is lacking, especially in certain ethnic groups. Patients with ACS have higher risks of adverse cardiac events after PCI; [12, 17] consequently, careful selection of the PCI strategy, including stent type, is necessary to improve therapeutic benefits. In the current study, we found no significant differences regarding MACE and its components, as well as stent thrombosis at the 2-year follow-up, similar to the findings in a substudy of the SORT OUT IV. [18] In the substudy, second-generation everolimus-eluting stents were demonstrated to have similar incidences and
Characteristics
After PSM Statistics P a first-generation sirolimus-eluting stent (Cypher Select and Cypher Select Plus, Cordis) had similar incidences and risks of MI, cardiac death, and definite stent thrombosis compared with second-generation zotarolimus-eluting stents (Endeavor, Medtronic), despite the finding that the second-generation zotarolimus-eluting stent had higher associated risks of MACE and TVR. [8] Compared with these trials, the study pooled the data for stent type, enabling comparisons between not only G1-and G2-DES but also different stents within the same generation.
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For various reasons, including economic concerns and medical insurance, G1-DESs are still being used in some countries, especially in local hospitals. The present study added evidence to their efficacy and safety for clinical application in patients with ACS. Although MACE had a higher incidence in the G1-DES group compared with the G2-DES group (before PSM: 5.2% vs. 4.5%, respectively, χ 2 = 0.371, P = 0.542; after PSM: 5.2% vs. 4.3%, respectively, χ 2 = 0.514, P = 0.474), the difference was not statistically significant, and the stent type was not predictive of MACE and its individual components. Similarly, the incidence and the risk of stent thrombosis were not significantly different between G1-DES and G2-DES. In a pathological study including 204 human autopsy lesion samples, the frequency of neoatherosclerosis was similar among second-generation everolimus-eluting stents (Promus, Boston Scientific and Xience V, Abbott Vascular), a first-generation sirolimus-eluting stent (Cypher, Cordis), and a first-generation paclitaxel-eluting stent (Taxus Express or Taxus Liberté, Boston Scientific). [19] This finding might in part explain the study finding that the efficacy endpoints were similar between G1-DES and G2-DES. The pathological study also revealed that definite-late or very-late stent thrombosis rates were lower for G2-DES compared with G1-DES, agreeing with the widespread idea that G2-DES reduces the risk of stent thrombosis. [20] In contrast, this study included definite, probable, and possible stent thrombosis data during follow-up, and we found that cumulative thrombosis was not different between G1-DES and G2-DES (respectively: before PSM: 0.5% vs. 1.0%, Fisher's exact P = 0.575; after PSM: 0.5% vs. 0.4%, Fisher's exact P > 0.999). The overall stent thrombosis rate was actually low in our 2-year follow-up study, and the relatively small sample size and short follow-up might mean that the study was underpowered to detect statistical differences in stent thrombosis between G1-DES and G2-DES. In this study, ACS was primarily related to unstable angina (66.51%), which has a lower risk of stent thrombosis compared with STEMI and NSTEMI. [21] Furthermore, up to 95.4% of patients received dual antiplatelet therapy for 1 year, and 28.7% patients were still receiving dual antiplatelet therapy at the 2-year follow-up, which might also have played an important role in preventing stent thrombosis in our patients.
Despite the encouraging findings, this study has several limitations. First, as in any nonrandomized study, the study is limited by the imbalance of patient and procedure selection between the two groups; however, we performed PSM to minimize dissymmetry between the groups. Second, the relatively small sample size of our single-center study hampered the power of the study, and the follow-up period may be insufficient to illuminate long-term outcomes after PCI compared with existing studies assessing 5-year follow-up data. Because of these longer studies, we are performing longer follow-up in our study patients. Third, G1-DES use will eventually decrease in our country; however, currently in most cases, G1-DES selection is associated with higher insurance compensation. It is difficult to say whether factors other than stent type affect outcomes in patients receiving G1-DES, for example, adequate use of necessary medications including statins and regular examinations after PCI. We are considering these factors in our future work.
In conclusion, in this prospective observational study in patients with ACS, we find that G1-DES have similar efficacy and safety compared with G2-DES at the 2-year follow-up. Stent type is not an independent risk factor for adverse outcomes, including stent thrombosis. 
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